AD-A075  136  YUCCA  INTERNATIONAL  INC  SCOTTSCALE  AZ  F/G  9/2 

HARDWARE  DEVELOPMENT.  ITEM  0004  OF  MICROPROCESSOR-BASED  POWER  C— ETC(U) 
JAN  79  DAAK70-78— C-0117 

NL 


UNCLASSIFIED 


am 


HARDWARE  DEVELOPMENT, 


MICROPROCESSOR-BASED  POWER 


CONDITIONER 


0NTR0LLEO 


CONTRACT  NO/DAAK7/-78-C-/117 


PREPARED  FOR 


U.  S.  ARMY  MERADCOM 


FORT  BELV01R,  VIRGINIA  22060 


PREPARED  BY 


YUCCA  INTERNATIONAL  INCOPPOPATED 


14415  N.  SCOTTSDALE  ROAD 


SCOTTSDALE,  ARIZONA  85260 


APPROVED  TOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DDC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


L 


TABLE  OF  CONTENTS 


PAGE 


0.0  SUMMARY . 1 

0.0  PREFACE . 2 

0.0  COPYRIGHT  PERMISSION . 2 

0.0  INTRODUCTION . 2 

0.0  INVESTIGATION .  3 

1.0  OVERVIEW . 3 

2.0  MPU  AND  PERIPHERAL  INPUT/OUTPUT  8°AR0  .  b 

3.0  SENSE  SIGNAL  ACQUISITION  AND  CONVERTER  SCR  TIMING  BOARD  .  7 
3.1  CONVERTER  SCR  TIMING  CIRCUITRY . 8 

0.0  DISCUSSION . 11 

0.0  CONCLUSION . 13 

0.0  RECOMMENDATION . 13 


°  Q 

o 


041 


79  C 8 


HGUPE  1 

FIGURE  2 

• 

I  lGURE  3 
FIGURE  4 
(IGURE  5 
I IGURE  6 

f  IGURE  7 
f IGURE  8 
FIGURE  9 
FIGURE  10 
FIGURE  11 
FIGURE  12 
FIGURE  13 
FIGURE  14 
FIGURE  15 
F  IGURE  16 


LIST  0^  ILLUSTRATIONS 

CONTROLLER  BLOCK  DIAGRAM 
CONTROLLER  BREADBOARD  PHYSICAL  CONFIGURATION 
ADDRESS  MAP 
ADDRESS  ASSIGNMENT 

BIT  INTERPRETATION  OF  DATA  READ  FROM  HARDWARE 

SIMPLIFIED  DIAGRAM  OF  RESONANT  CONVERTER  W»TH  OPTICAL  COUPLER 
SENSING 

'  CONNECTOR  P5  PIN  LIST 
CONNECTOR  P6  PIN  LIST 
CONNECTOR  P7  PIN  LIST 
EDGE  CONNTCTOR  PI,  P2,  P3  PIN  LIST 
CONTROLLER  PARTS  LIST 
MPU  BOARD  SCHEMATIC 
BOARD  #1  SCHEMATIC 

MOTOROLA  EXORCISER  TO  MC6809  SOCKET  INTERFACE 
CONVERTER  SCR  SIMULATOR 
FRONT  PANEL  SIMULATOR 


I  Accesaicn  For 

~fl3  gTTXi 

i  K>C  TAB 

1  Unannouncod 
1  Justification 


based  controller  for  the  Delco  15  KW  power  conditioner. 


Continuing  from  the  microprocessor  selection,  the  previous  task,  the  controller  hardware 
was  developed  and  tested  during  this  task.  The  controller  software  will  be  developed 
in  the  next  task. 


The  controller  hardware  conforms  closely  to  the  controller  baseline  design  concepts 
of  Tasl  2.  A  variation  from  the  baseline  did  occur  in  the  converter  SCR  comutation 
sense  i  ircuitry.  The  existing  Oelco  cnmutation  sense  sionals  will  not  be  used  by 
the  controller  breadboard.  Instead,  a  more  direct  and  perhaps  more  reliable  rethod  of 
f o ^  sencing  the  converter  SCR  comutation  will  he  implemented  with  opt 'cal  couplers. 

This  method  is  presented  in  detail  in  the  report. 

* 

Additional  hardware,  external  to  the  controller,  was  developed  to  facilitate  testing 
of  the  controller  breadboard.  An  interface  was  developed  between  the  Motorola  Exerciser 
development  system  and  the  controller.  The  Exorciser  interface  was  connected  to  the 
empty  »>309  microprocessor  socket  on  the  controller.  Special  debug  facl li ties  in  the 
Exorci'.er  permitted  the  microprocessor  address,  data,  and  control  lines  to  te  exorcised 
easily  from  a  keyboard.  Special  circuitry  was  developed  to  simulate  portions  of  the 
power  conditioner.  The  power  conditioner  simulation  devices  an-’  the  Exerciser  develop¬ 
ment  s-stem  were  used  to  debug  and  verify  correct  operation  of  the  hardware  without  the 
6809  m  coprocessor  and  controller  software. 


-1 


2.0.0  PREFACE 


The  work  described  in  this  report  was  performed  by  Yucca  International t  Inc.  under  the 
direct  on  of  the  U.  S.  Army  Mobility  Equipment  Research  and  Development  Command.  This 
report  completes  the  fourth  task  of  the  first  phase  of  the  U.  S.  Army  contract  no.  DAAK- 
70-78-C-0117.  The  contracting  officer's  representative  Is  Dr.  David  Lee  of  the  IJ.  S. 

Army  Mf RA0C0M  Headquarters  at  Fort  Belvoir,  Virginia. 

3.0.0  COPYRIGHT  PERMISSION 
No  copyright  permission  is  required. 

4.0.0  INTRODUCTION 

This  i*  a  report  of  the  fourth  task  of  six  tasks  of  the  U.  S.  Army  contract  no.  DAAK70- 
78-C-O  17. 

Perfort  td  during  the  previous  tasks  was  the  baseline  desfon  of  the  controller  and 
select  on  of  an  optimun  microprocessor.  Performed  during  this  tasi  vas  the  development 
of  the  controller  hardware  based  on  the  concepts  outlined  i"  Task  2,  the  baseline  design. 
The  ob  ective  of  this  task  was  to  build  the  necessary  hardware  to  perform  voltage  and 
current  regulation  of  the  converter  section  of  the  Delco  15  KW  power  conditioner. 

The  ob  ective  also  Included  testing  of  the  hardware  to  deb  g  any  wiring  errorr  and 
assure  that  all  parts  were  functional  and  that  the  circuitry  will  wo*"k  as  expected. 

Contained  in  the  report  is  a  description  of  the  breadboard  and  is  supplemented  with 
schematics  and  a  parts  list. 
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5.0.0  INVESTIGATION 
5.1.0  OVERVIEW 

Figure  *1  is  a  block  diagram  of  the  controller.  The  circuitry  that  '•'ill  perform  the 
voltage  and  current  regulation  function  reauired  of  the  controller  durinq  this  phase  of 
the  contract  was  breadboarded  on  two  separate  wire-wrap  boards.  The  interconnects  are 
made  through  a  motherboard.  The  microprocessor,  EPROM,  RAM  and  input/output  are  con¬ 
tained  on  one  board  and  the  Converter  SCR  timing  circuitry  an'4  sense  signal  data  acquisi¬ 
tion  circuitry  is  on  the  other.  An  empty  slot  on  the  motherboard  is  reserved  for  a 
board  which  will  contain  the  Inverter  SCR  timing  circuitry  and  additional  circuitry 
to  be  developed  in  the  next  phase  of  the  contract. 

The  tw<  boards  developed  during  this  phase  will  be  designated  as  follows: 

1)  MPU  and  Peripheral  Input/output  Board  or  simply  "MPI1  board;" 

2  Sense  Signal  Aquisition  and  Converter  Timinq  Board  or  simply  "Board  #1." 

The  cirtuitry  that  will  be  developed  during  the  next  phase  of  the  contract  will  be 
referred  to  as  Board  #2  and  it  will  include  the  following: 

1  Over temperature  sensing  circuitry; 

2)  Slow  fan  speed  sense  circuitry; 

3)  Power  supply  failure  early  detection  circuitry; 

4)  Special  circuitry  used  for  self-test; 

5)  Inverter  SCR  timing  circuitry. 

Figure  *2  shows  the  general  layout  of  the  breadboard  and  lists  the  required  power 
suppl ies. 
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The  controller  design  uses  a  combination  of  TTL ,  LSTTl,  and  CMOS.  Oue  to  the  low 
power  and  high  noise  immunity  characteristic  of  CMOS,  it  was  tho  preferred  family  and 
was  used  where  speed  was  not  critical  and  if  it  would  not  result  in  a  significant  in¬ 
crease  in  package  count.  If  possible  and  practical,  as  controller  development  pro¬ 
gresses,  more  TTL  may  be  replaced  by  CMOS.  The  CMOS  used  on  Board  #1  is  currently 
deriving  its  power  from  the  *5  volts  supply  but  may  be  connected  to  ‘lioher  vol'aoes 
for  greater  noise  inmunity  and  speed  of  operation  if  the  need  arises. 

The  IC's  used  in  the  breadboard,  in  general,  are  commercial  versions  of  components 
that  are  available  in  military  versions  at  a  higher  cost.  The  parts  list.  Figure  111, 
provides  the  actual  component  used  on  the  breadboard. 

The  breadboard  conforms  very  closely  to  the  concepts  outlined  in  the  report  on  task  2, 
the  baseline  desion  of  the  controller.  The  only  variation  occurred  in  the  converter 
SCR  timing  circuitry.  This  variation  is  due  to  a  change  in  the  wav  the  converter  SCP 
commutition  is  sensed.  The  variation  will  be  described  in  detail  later. 

For  testing  purposes,  it  was  necessary  to  desiqn  and  build  additional  hardware  external 
to  the  controller  to  simulate  the  converter  SCR's,  the  front  panel  controls,  and  some 
sense  signals.  Other  additional  hardware  Included  circuitry  to  Interface  the  Motorola 
Exorciser  microcomputer  development  system  to  the  controller. 

The  scsematlcs  of  the  additional  hardware  are  included  in  this  report  as  Figures  #14, 
15.  16  . 
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This  toard  contains  the  microprocessor  EPROM,  RAM,  and  I/O.  It  also  contains  circuitry 
which  icnerates  sync  signals  used  by  the  sense  signal  data  acquisition  circuitry  when 
measuring  inverter  output  voltages.  The  schematic  of  the  MPU  board  is  shown  in  Fiqure 
#12. 

The  principal  components  on  the  board  are  two  2716  ’s  (for  a  total  of  4k  bytes  of  EPROM), 
two  MCo810's  (for  256  bytes  of  RAM),  two  MC68B21‘s. 


Socket,  are  reserved  on  the  board  for  the  MC6809  microprocessor  and  MC6846  ROM-l/O-timer . 
They  will  be  implemented  when  samples  become  available.  The  6846  contains  2Y  of  ROM 
which  ran  replace  one  of  the  2716's  when  the  software  is  finalised.  The  6846  wiil  also 
have  an  8  bit  I/O  port  that  will  provide  additional  I/O  capability. 

The  8T'l7's  used  for  buffering  the  addresses  are  optional.  They  can  be  replaced  by  16 
pin  headers  containing  jumpers. 

A  keyboard/display  controller  has  been  included  on  the  board  to  simplify  an<*  minimize 
the  components  necessary  for  interfaclno  to  a  display.  The  8279  will  multiplex  the 
displays  for  less  power  consumption  and  allow  non-hex  characters  to  be  disnlayed. 

This  fnature  will  be  useful  for  displaying  some  alpha  characters  in  addition  to  hexl- 
decima  characters.  The  8279  can  be  connected  to  an  undecoded  keyboard  which  may  be 
used  t<*  enter  diagnostic  or  trouble  shooting  commands  when  opera ‘inn  the  controller 
free  o  a  development  system. 
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Sufficient  board  space  has  been  reserved  for  EPROM  and  RAM  expansion.  There  are  several 
spare  Jins  available  on  the  motherboard  for  additional  board  to  board  wlrina. 

The  ROM,  RAM  and  I/O  addresses  assigned  to  the  controller  circuitry  were  chosen  to  avoid 
any  data  bus  confliction  when  using  the  Exorciser  as  an  MPU  for  the  controller.  The 
MC6809  simulator  firmware  and  debuq  firmware  reside  in  addresses  above  DOOOH  in  the 
Exorci  >er.  The  controller  will  be  wired  to  ignore  addresses  above  CFFFH  when  connected 
to  the  Exorciser  development  system.  When  the  controller  is  operating  stand  alone,  with 
its  own  MPU  and  software,  it  must  have  the  capability  to  respond  to  addresses  letween 
FFF^H  .:nd  FFFFH.  These  addresses  will  contain  the  MC6809  restart  and  vector  branch  table. 
(Pin  4  and  pin  5  of  A39  of  the  MPU  board  will  be  connected  to  around  when  the  stand  alone 
mode  i ■.  used.) 

Figure  *3  is  an  address  map  of  the  controller. 

Figure  »4  details  specific  addresses  of  the  hardware. 

Fiaure  *5  details  how  each  bit  of  the  data  bytes  read  back  frnm  the  hardware  (enabled 
by  read  enable  signals)  should  be  interpreted. 

The  MPU  board  connects  to  other  parts  of  the  controller  and  pow-r  conditioner  via  two 
connecors.  P6  is  a  50  pin  connector  which  will  connect  to  the  power  conditioner  front 
panel.  The  frequency  select  switch  and  in-erter  output  voltane  BCD  thumbwheel  switches 
can  be  read,  and  up  to  16  7-segroent  displays  can  be  written  over  a  50  pin  ribl<on  cable 
and  a  mating  connector.  An  unencoded  keyboard  can  be  easily  connected  at  a  later  date 
to  sene  as  a  development  aid. 
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PI  Is  the  86  pin  edge  connector  on  the  MPU  board. 


The  controller  will  Initially  use  the  MC6809  and  standard  speed  peripherals.  When  the 
hardware  is  proven  and  perfected,  then  faster  program  execution  can  be  obtained,  if 
desired,  by  using  an  MC68B09  microprocessor  and  faster  memory  and  peripherals. 

5.3.0  SENSE  SIGNAL  ACQU1  SIT  I  ON  AND  CONVERTED  TIMIN'".  BOA  R  [) 

Board  »1  performs  four  separate  functions.  These  are: 

1  Converter  SCR  timinq  signal  generation; 

2)  Monitor  converter  SCR  commutation  sense  signals; 

3’  Measure  power  conditioner  sense  signals; 

4)  Count  waveform  generation  sync  sionals. 

The  coi  ^erter  SCR  timinq  signals  generated  on  thic  board  will  connect  to  Delco  SCR  oate 
drivers  in  the  power  conditioner.  The  frequency  of  thr  timinq  sionals  are  based  on  a 
10  bit  diqital  value  programmed  into  a  10  bit  CMOS  diqital  to  analog  converter. 

Board  »!  also  contains  circuitry  which  will  monitor  the  converter  SCR  commutation  sense 
signals  from  the  power  conditioner. 

All  of  the  converter  SCR  timing  sionals  and  SCR  computation  sionals  are  routed  via  P5, 
a  50  pm  connector  at  the  top  of  the  board. 

Board  *1  contains  two  A/D  converters  which  are  used  to  measure  an  analog  voltage  that  is 
selected  by  an  analog  multiplexer.  Each  A/D  converter  has  a  correspondinq  sample  and 
hold  and  analog  multiplexer  associated  with  it,  and  is  capable  of  mrasurinn  any  one  of 
eight  channels.  Fourteen  of  the  16  analog  channels  will  connect  to  14  sense  sionals 
in  the  power  conditioner  via  P6,  a  50  pin  connector  at  the  top  of  the  board. 
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A  counter  is  included  on  Board  #1.  It  is  used  to  count  waveform  ge-eration  sync  pulses 
be twee t  each  zero  crossing  of  the  Phase  A  inverter  output  voltaoe  The  count  at  any 
instant  can  be  used  to  define  the  number  of  degrees  past  zero  deqrees  (or  180°)  t ►>•=» t  0A 
is  at. 

5.3.1  CONVERTER  SCR  T I MING  C1RQJ1 TRY 

This  circuitry  consists  of  two  parts.  One  part  generates  a  converter  oscillator  fre¬ 
quency.  The  other  part  distributes  the  pulses  cominn  from  the  oscillator  to  six  separate 
output..  Each  output  will  connect  to  a  pair  of  converter  SCR  gate  drivers  in  the  power 
condi t inner. 

The  converter  oscillator  frequency  is  generated  by  a  DAC  and  VCO  combination.  The 
Analou  Devices  AD7522  10  bit  CMOS  DAC  requires  an  external  voltaoe  rofere^ce.  This 
is  sup  lied  by  an  AD584JH  pin  programmable  precision  voltage  reference,  that  is  pronrammed 
to  *10/,  ^Omv. 

The  A[);522LD  used  in  conjunction  with  an  LM741C  operational  amplifier  wi’l  produce  a  -10 
volt  output  full  scale.  A  binary  count  of  3FFH  loaded  into  the  DAf  will  correspond  to 
-10  volt  output.  A  count  of  OOOH  will  correspond  to  zero  volts  output. 

This  analog  voltage  is  used  to  adjust  the  current  drawn  out  of  pin  6  of  the  FXAP  XP2207C 
voltage-controlled  oscillator.  The  output  frequency  of  th  VCO  ir  adjustable  from  approxi¬ 
mately  66Hz  to  33KHz  in  the  present  conf iouration.  An  cutout  frequency  of  33K8z  will 
be  suficient  to  drive  to  converter  SCR’s  to  supply  a  15KW  lead.  The  procedure  for  in¬ 
creasing  the  oscillator  frequency  to  accomodate  a  load  requirement  that  exceeds  15KV! 
is  as  ollows. 
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If  a  DAC  count  of  3FFH  is  insufficient  to  maintain  the  inverter  output  voltaqe  at 

* 

nominal  level  due  to  an  overload,  then  change  the  DAC  count  from  3FFM  to  000H.  Program 
the  peripheral  line  PBS  to  go  low.  This  causes  pin  9  of  the  VCO  to  no  high  which  enable 
current  to  flow  out  of  pin  7  of  the  VCO  through  R49  and  R 1 3 .  913  can  be  adjusted  to 
generate  a  VCO  output  frequency  equivalent  to  a  DAC  count  of  3F T H  (approximate^  33KHz). 

The  ou'put  frequency  may  now  be  increased  from  33KHz  (approximate)  by  increasino  the 
DAC  count  from  OOOH.  Each  time  a  transition  is  made  from  an  overload  condition  to  a 
normal  load  condition  (or  vice  versa)  it  would  be  advisab’e  to  follow  a  procedu  e  similar 
to  the  tbove  to  prevent  possible  overshoot  or  undershoot  of  inverter  ou’put  voltaqe.  The 
total  • iming  current  drawn  out  of  pins  6  and  7  of  the  VCO  should  neve*-  exceed  FMA  accordira 
to  the  .CO  specification  sheet.  There  are  also  range  limitations  on  the  timi'q  resistors 
that  sf  uld  be  observed  if  a  modification  is  ever  necessary.  The  optimum  power  supply 
for  tht  VCO  in  this  configuration  is  ♦  6  volts,  ♦  7.5  volts  is  present’v  used  because 
of  con.  nience,  but  is  well  within  the  operating  rangp  of  the  device.  A  noteable  feature 
of  the  .CO  is  that  it  has  low  sensitivity  to  power  supply  voltage  changes  (.15"  frequency 
change  . er  volt;  according  to  the  manufacturer  specification). 

The  out  ut  of  the  VCO  requires  a  level  conversion  to  make  if  rompatible  with  CMOS  logic. 

The  set  nd  part  of  the  converter  SCR  timinq  circuitry  uses  pul'es  cominn  from  the  con¬ 
verter  scillator  to  produce  three  clocks.  Each  consecutive  oscillator  pulse  is  con¬ 
verted  to  12  us  pulse  width  and  then  distributed  to  one  of  three  lines  in  the  following 
sequent  ;  Phase  A  clock,  Phase  B  clock.  Phase  C  clock.  The  frequency  o*  each  dock  will 
be  1/3  of  the  oscillator  frequency. 
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These  hree  clocks  are  shown  leaving  Board  #1  schematic  sheet  1  on  the  right  and  entering 
sheet  i  on  the  left.  Each  of  the  three  clocks  are  delivered  to  its  own  coresnnndinq  SCR 
gate  lugic  block.  All  three  qate  loqic  blocks  shewn  on  sheet  3  are  identical  and  are 
associated  with  the  converter  SCR  commutation  sense  circuitry.  The  converter  SCR  com¬ 
mutation  sense  signals  enter  on  the  left  side  of  sheet  3.  The  sense  signals  (1?  total) 
will  bo  low  if  the  corresponding  SCR  in  the  converter  is  conducting  and  high  if  it  is  not. 
Precau' ions  must  be  taken  to  prevent  opposite  pairs  of  SCR's  in  a  DC  to  DC  resonant  con¬ 
verter  from  being  on  at  the  same  time.  Therefore,  circuitry  in  this  SCR  gate  ’ooic  Mock 
e*amino$  all  four  sense  siqnals  cominq  from  a  DC  to  DC  con-'erter  to  verify  each  is  hioh 
before  mother  SCR  pair,  or  same  SCR  pair,  in  that  DC  to  DC  converter  will  be  fired.  If 
all  fo  ir  sense  signals  are  hiqh,  then  the  next  time  a  12  us  clock  pulse  arrives  at  the 
gate  1  gic  block,  one  of  the  two  SCR  pair  lines  (leavino  sheet  1  on  the  right)  will  go 
low  fo>  12  us. 

If  one  of  the  sense  sfgnals  had  been  low  when  the  c)oc>  n»/?se  arrived,  both  of  the  SCR 
pair  lines  would  have  remained  hioh  and  an  interrupt  (comm.  taO  int.,  mpii  board,  sheet 
4)  would  have  been  issued  to  the  microprocessor.  The  failtnq  phase  is  identified  by 
reading  peripheral  lines  PC5,  PC6,  and  PC7.  The  fail  indication  will  qo  away  autc 
maticaly  if  all  four  SCR’s  are  not  conducting  when  another  clock  pulse  arrives. 

The  cor  verter  SCR  timing  pulses  labeled  at  the  right  of  Board  #1  she^t  3  schematic 
will  alternate  automatical ly  between  SCR  pairs  If  the  SCP  pai-  fired  last  was  verified 
to  hav*  turned  on.  If  both  convnutation  sense  slnoals  for  an  SCR  pai  -  do  not  qo  low 
(to  in<  icate  that  one  or  both  did  not  turn  on)  after  a  firing  pulse  h»d  been  sent  to 
that  S(R  pair,  then  the  alternate  pair  of  SCR’s  will  not  be  fired  when  the  next  clock 


pulse  arrives.  Therefore,  an  LED  failure  in  an  optical  coupler  (which  Is  very  rare) 
will  '  a  use  the  opposite  pair  of  SCR's  not  to  receive  any  firiro  pulses.  The  controller 
will  recognize  a  fail  condition  has  occurred  because  the  power  output  of  the  failinq 
converter  will  drop  below  that  of  the  ot^er  two  converters. 

The  12  converter  commutation  sense  signals  wi ’ 1  be  generated  in  the  power  conditioner 
from  (.pen  collector  outputs  of  12  optical  couplers.  These  12  lines  will  be  polled  hiqh 
throu1  h  pull-up  resistors  to  the  CMOS  power  supply  level. 

The  optical  coupler  should  be  mounted  close  to  the  converter  SCR's  in  the  pow°r  conditioner 
to  ke*  p  high  voltage  way  from  the  controller  boards.  Eiqure  #6  shows  hrw  the  LED  in  the 
optic.' 1  couplers  will  be  connected  to  a  resonant  converter. 

6.0.0  DISCUSSION 

The  circuitry  that  will  be  used  to  perform  voltage  and  current  regulation  of  the  converter 
secti<  n  of  the  Delco  15  KW  power  conditioner  was  built.  /'Iso  developed,  was  the  circuitry 
that  will  measure  inverter  output  voltage  and  current.  This  circuitry  was  deve'oped  durinq 
this  phase  instead  of  the  next  phase,  for  convenience.  The  circuitry  necessary  to  corre¬ 
late  inverter  output  voltage  measurements  to  an  exact  point  on  the  output  sine  wave 
was  a  1  >o  developed  and  exists  on  the  breadboard  except  for  thr  Phase  A  zero  crossing 
detector  which  will  be  designed  later. 

Not  developed  during  this  task  was  the  sense  signal  conditioning  circuitry  that  wi’l 
attenuate  and  filter  the  signals  to  a  level  suitable  for  measurement  by  the  controller. 

The  sense  signals  measured  by  A/D  #1  must  be  in  the  range  of  -rv  to  *5v.  A/D  #2  will 
measure  voltages  between  Ov  and  ♦lOv.  An  optimum  amount  of  filtering  will  be  required 
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to  reim  ✓e  unwanted  ripple  or  noise  but  not  slow  or  delay  sense  sional  response.  The 
sense  iqnal  conditioning  circuitry  will  be  developed  after  the  sense  signal  outputs 
have  been  characterized  and  specific  information  about  the  sense  sinnal  waveforms  is 
known. 

The  serse  signal  data  acquisition  circuitry  on  the  controller  breadboard  was  tested  by 
measuring  adjustable  voltage  sources.  Voltaaes  between  0  and  *Sv,  in  .5  volt  increments 
were  presented  to  the  analog  multiplexer  inputs.  The  typical  accuracy  of  the  diqltal 
output  of  the  A/D  converters  was  .1?  error,  well  below  .25':  error  which  would  be  suitable 
for  control  ling  the  inverter  output  voltage  to  within  1  . 

The  converter  SCR  commutat ion  sense  signal  circuitry  on  the  controller  was  developed 
to  monitor  the  outputs  of  12  optical  couplers,  instead  of  the  existing  Delco  converter 
SCR  cormutation  sense  signals.  This  variation  from  the  baseline  desiqn  is  expected 
to  Increase  the  reliability  of  the  power  conditioner  while  removinq  the  need  for  one 
transfc  rmer  (T2)  and  other  components. 

The  12  optical  couplers,  if  implemented  in  the  final  power  conditioner  desion,  will  replace 
the  following  components  which  are  shown  on  paqe  6-4  and  page  6-10  of  Final  Report  AC-DC 
sectior,  contract  no.  DAAK70-77-C-0035. 

T2A,  T2B,  T2C,  CR7-CR18,  R7-R9  p.  6-* 

R1-R6,  R7-R30,  C1-C12,  Ul,  1/?  U2  p.  6-10 

The  optical  sensing  method  would  require  the  followinq  parts  to  be  added  to  the  power 
conditioner  converter: 
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12  optical  couplers 
12  series  resistors 
12  protection  diodes 
12  pull-up  resistors. 

The  optical  couplers  will  sense  each  SCR  directly.  The  present  sensino  circuitry  will 
sense  pairs  of  SCR's  indirectly.  Refer  to  the  report  of  Task  1,  of  thi<  contract,  section 
5.1.2  for  a  description  of  the  Delco  sensinq  method.  The  optical  coupler  sense  circuitry 
will  be  tested  with  the  Delco  15  KW  power  conditioner  when  the  power  conditioner  is 
available. 

7.0.0  '  OHCLUSIQNS 

The  ha1  tware  has  been  designed,  constructed,  and  tested  to  the  level  practical  before 
the  software  has  been  written.  It  is  expected  that  some  minor  changes  to  the  hardware 
may  be  necessary  as  software  is  being  written  and  debugqed. 

S.0.0  RECOMMENDATIONS 

It  is  ' ecomnended  that  Yucca  International  proceed  immediately  to  the  next  task,  development 
of  the  controller  software. 
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